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ABSTRACT 


We report the results of simultaneous Chandra and RXTE observations 
of the Seyfert 1 galaxy Mkn 509. We deconvolve the broad and narrow Fe-K 
emission-line components, for which we measure rest-frame equivalent widths 
of 119 ± 18 eV and 57 ± 13 eV respectively. The broad line has a FWHM of 
57, 600^2 uooo km/s and the narrow line is unresolved, with an upper limit on 
the FWHM of 4,940 km/s. Both f omponents must originate in cool matter 
since we measure rest-frame center energies of 6.36l3u : 2 keV and 6.42 ± 0.01 
keV for the broad and narrow line respectively. This rules out He-like and 
H-like Fe for the origin of both tiic broad and narrow lines. If, as is widely 
accepted, the broad Fe-K line originates in Thomson-thick matter (such as 
an accretion disk), then one expects to observe spectral curvature above 
~ 10 keV, (commensurate with (In' observed broad line), characteristic of the 
Compton-reflection continuum. However, our data sets very stringent limits 
on deviations of the observed continuum from a power law. Light travel-time 
delays cannot be invoked to explain anomalies in the relative strengths of the 
broad Fe-K line and Compton-reflection continuum since they are supposed to 
originate in the same physical location. We are forced to conclude that both the 
broad and narrow Fe-K lines had to originate in Thomson-thin matter during 
our observation. This result, for a single observation of just one source, means 
that our understanding of Fe-K iin*-* emission and Compton reflection from 
accreting X-ray sources in genera! coeds to be re-examined. For example, if an 
irradiated accretion disk existed in Mkn 509 at the time of the observations, the 
lack of spectral curvature above - 1.0 keV suggests two possibilities. Either the 
disk was Thomson-thick and highly ionized, having negligible Fe-K line emission 
and photoelectric absorption, or l.lic disk was Thomson-thin, producing some 



or all of the broad Fe-K line ('mission. In i.kc former case the broad Fe-K line 
had to have been produced in a Thomson-tlm: re, "Jon elsewhere. In both cases 
the predicted spectral curvature above ~ bi I \ is negligible. An additional 
implication of our results is that any putative obscuring torus in the system, 
required by unification models of active galaxies, must also be Thomson-thin. 
The same applies to the optical broad line region (BLR) if it has a substantial 
covering factor. 

Subject headings: accretion disks - galaxies: active galaxies: individual: 
Mkn 509 X-rays: galaxies X-ravs: binaries 


1. INTRODUCTION 


It is now widely accepted that the hardening above ~ 10 keV commonly observed in the 
X-ray spectra of accretion-driven sources (active galactic nuclei (AGN), and X-ray binary 
systems) is due to Compton reflection of the primary X-ray continuum in a Thomson-thick 
accretion disk (e.g. Guilbert & Rees. 1988; Lightman & White 1998; Pounds et al 1990; 
Zdziarski, Lubiiiski, & Smith 1999). L ! i i s basic picture is very attractive because it produces 
Fe-K fluorescence (e.g. George & Fabian 1991) so that the model can simultaneously 
account for the Compton-reflection continuum (CR), and the broad Fe-K lines in AGN 
(Nandra et al. 1997; Fabian et al. 2000: Yaqoob et al. 2002). In fact, from basic physics, 
if one observes a certain amount of Fe-K line emission, one should observe a corresponding 
CR whose amplitude relative to the direct X-ray continuum is commensurate with the Fe-K 
line emission. The precise' relation between the Fe-K line and CR depends on physical 
parameters (Fe abundance, ionization state etc.) but the relationship is fixed by physics 
since the line and CR photons originate in the same physical location. 

In this paper we report the results ol a simultaneous Chandra / RXTE observation of 
Mkn 509 in which the CR was absent, and yet a broad Fe-K line from cool material was 
present with an equivalent width of 119 ± 18 eV. This result from a single observation of 
one source is important because it questions the above model, and forces us to re-examine 
our understanding of the Fe-K line and CR in all accreting X-ray sources. The paper is 
organized as follows. The data are des' Tided in \\2 and spectral fitting results given in §3. 

In §4 we discuss possible explanations lor the lack of spectral curvature in the hard X-ray 
spectrum and show that all of them are problematic. After discussing some results from 
historical X-ray observations in §5, we are lead to the inference, discussed in §6, that both 
the broad and narrow Fe-K emission lines iu Mkn 509 during our observations must have 
originated in cool, Thomson-thin matter. Our conclusions arc* summarized in §7. 
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2. CHANDRA AND I'XTE DATA 

Mkn 509 is a bright., variable Seyfert 1 ; , n:axv (z = 0.034397, 

L 2 _io k fi v ~ 2 - 4 x 10 44 ergs/s). We observed Mkn 509 with the Chandra HETGS 
on 2001 April 13-14, simultaneously with RXTE. The Chandra data were reduced in the 
manner described in Yaqoob e.t al. 2001, except that CALDB version 2.7 was used and the 
data reprocessed using ciao 2.1.3 7 8 . The RXTE PDA data were reduced using methods 
described in Weaver, Krolik. & Pier (1998), except, that we used a later version of the 
spectral response matrix (V 7.10) and background model (‘L7_240_FAINT’). Only data 
from layer 1 and from PCU 2, 3 and 4 were used ( 1 ’(TO has had technical problems in 
the later part of the mission and PCU1 was off). Note that cross-calibration studies show 
that in the 2-10 keV band PCA fluxes are systematically at least 20% higher than ASCA 
whereas ASCA and BeppoSAX fluxes agree to a lew percent s . 

We examined lighten! ves from the RXTE oh e, vai ion (beginning 2001 April 13 UT 
04 50:07, with a total duration of 121 ks), and the Chandra observation (beginning at 
UT 2001 April 13 UT 08 01:31, with a total dural ion of ~ 59 ks). Only the summed, 
negative and positive first order Chandra grating spectra were used in our analysis. The 
mean Chandra total HEG and MEG count rates were 0.2134 ± 0.0015 and 0.4813 ± 0.0022 
cts/s respectively. For tin* PCA, the mean, background-subtracted 2—10 keV and 2-20 keV 
count rates were 4.71 ± 0.01 and 5.77 ± 0.01 ct/s respectively. The source flux showed little 
variability over the entire duration of the campaign, for example, for HEG plus MEG 
lightcurves binned at 1021 s, the excess variance above the expectation for Poisson noise 
(e.g. see Turner c t al. 1999) was (-0.8 i 3.i ) x ill consistent with zero. HEG. MEG 

7 htt.p://asc. harvard. edu/ciao2.1 /documents _tluvads.html 

8 ASCA GOF calibration memo at 

http:/ /heasarc.gsfc. nasa.gov/docs/asca/calibratioii /.a -2 1 3_results.html 
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and PCA spectra were therefore extracted over t lio entire on-time for each instrument, 
combining the PCA data for the three POPs. This resulted in net exposure times of 57,950 
s for HEG and MEG, and 80,624 s for the PCA. 


3. SPECTRAL FITTING RESULTS 

Whenever the Chandra data were filled without the PCA data, we were able to use the 
C-statistic and over-sample the spectral resolution of the grating data. However, whenever 
the Chandra data were fitted together \vC li the PCA. the grating data had to be binned in 
order to use the x 2 statistic. To this end. the HEG and MEG spectra were binned with a 
constant wavelength width of 0.02 A and 0.04 A respectively. This resulted in spectra with 
at least 20 counts per bin in the energy ranges 1. 3-7.2 keV and 0.64-6.9 keV for HEG 
and MEG respectively. Therefore, in order to use the \ 2 statistic for spectral fitting, we 
ignored data above 6.9 ke\ in both HEG and MEG. Since we will not be concerned with 
the soft X-ray spectra in this paper, only HEG and MEG data in the 2-6.9 keV band were 
utilized. Note that at 6.4 keV, the FWHM spectral resolution of the HEG and MEG is 39.6 
eV (0.012A, ~ 1,860 km/s) and 76.0 e\ (U.023A, ~ 3,560 km/s) respectively. The PCA 
spectra were used only up to 19 keV. this upper limit determined by the signal-to-noise 
and background-subtraction systematics. In the remainder of the paper, unless otherwise 
stated, we shall give model parameters n- erred to the rest frame of Mkn 509 , and statistical 
errors (as well as lower and upper liimisj will be given for 90% confidence for one interesting 
parameter. 

Fig. 1 shows the ratio of the HEG data to a simple power-law model fitted over the 
2-5 keV band and then extrapolated to higher energies. Also shown in Fig. 1 is the ratio 
of 3-19 keV PCA data to a simple power law model fitted over the 3-4 keV and 8-19 keV 
bands. It can be seen that the HEG dearly reveals a narrow Fe-K emission-line component, 
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centered at ~ 6.4 keV, extending over ~ 0.2 ke\ m energy. This line is also detected in 
the MEG. but at that energy the effective area. • inii resolution, and signal-to-noise 
are substantially worse than the HEG. Fitting tli . F I data onlv. with a power-law plus 
Gaussian emission line gave an upper limit ol o - !■> e\ (or 4,9-10 km/s FWHM) foi the 
narrow line. The intensity and energy of the lira' were allowed to float in the spectral fit 
but better constraints on these parameters will be derived from joint Chandra and RXTE 
spectral fits, described below. Since the narrow line' is not resolved, its width was fixed at 
(j — \ eV in all subsequent spectral fitting. In contrast to HETCtS , Fig. 1 shows that the 
PCA detects a much broader Fe-K line, with a base extending over ~ 3 keV, nearly three 
times the FWHM of the PCA energy resolution at b keV. Moreover, Fig. 1 shows that there 
is no complexity in the continuum above ~ 10 ke\ . In fact, a power law fitted to the HEG 
and MEG data, extrapolated up to 19 keV gives an excellent fit to the PCA data above 8 
keV, after fitting only for rhe cross-instrument nwrn.nii/ation factor. 

Full spectral fitting of the IIEG, MEG. and J ' data with a power law, two Gaussians 
(line energies, intensities, and the broad-line whali live), plus a Compton-reflection 
continuum (CR) from neutral matter (PEXRAV in .\~dTX . with the disk inclination angle 
initially fixed at 30°), shows that the covering factor, lu is consistent with zero. Here R 
is the fraction of 2 tt steradians subtended by the slab at the X-ray source. Fig. 2 shows 
confidence contours of R versus the width of the broad fe-K line. This shows that the upper 
limit on i? is very small; R < 0.11 at 99% confidence ioi two parameters. A largei disk 
inclination does of course allow a larger upper limit on R (but still gives a best-fit of zero). 
However, then the predicted equivalent width (E\\ ) ol the broad line diminishes, but as we 
shall see below, the EW is already severely under-predicted even for an inclination angle of 
zero. We note that Fig. 2 also shows that RXTE aci uallv resolves the broad Fe-K line (in 
this fit, o > 0.15 keV. or FWHM > 16.630 km/s. .a 99% confidence, two parameters). 
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Having established tlmt, the dal a do not require any Civ, we proceeded to find the 
best-fitting parameters and constraints on the Fe-K lines by repeating the above fits with 
only a simple power law plus two Canssians. Fig. 3 shows the best-fitting model, along 
with the HEG, MEG, and PGA ratios of data to this best-fitting model. An excellent fit 
was obtained, with \ 2 — 330.8 (3oo degrees of freedom). We denote the center energy, 
Gaussian width, and emission-line intensity by E r: a, and I respectively. The results are 
given in Table 1. We obtained, for rim narrow line (a fixed at I eV): E c = G.42 ± 0.01 
keV, E\\ — 57 ± 13 eV, and I = 5.5 -f 0.8 x H) - '’ photons cm'" 2 s" 1 . For the broad 
line, we obtained: E c = 6.36±S:ia krV - / = 119 ± 18 eV, a = 0.52lg;}jj keV (FWHM 

— 57, 600^2gooo km/s), and I — 7.G ± id x 10~ 5 photons cm -2 s” 1 . We obtained a 2-10 
keV flux of 5.1 x l(P n ergs cm -2 s _l (observed frame, using the average best-fitting HEG 
and MEG normalization), which is about the historical average 1 for Mkn 509 (e.g. Turner & 
Pounds 1989; Weaver, Gelbord, Wiqool) 2001). This corresponds to a source-frame 2-10 
keV luminosity of 2.7 x If) 44 ergs s” r ( //, = 50 km s" 1 MpcW r/„ = 0). For the measured 
values of T and equivalent width of the broad Fe-K line (see Table 1), even the 99%, 
two-parameter upper limit on the amplitude of the CR is too small by a factor of seven 
compared to that expected from the most basic version of the standard model. In that 
model the broad Fe-K line and CR originate in a neutral, solar abundance, Thomson-thick 
reflector subtending 2n solid angle at the power-law X-ray continuum source (e.g. see 
George & Fabian 1991). Modification: - i I Ik 1 basic model, as well as possible alternatives 
for explaining the observational result: - ill be discussed in >j4 and §6. 

The inset in Fig. 3 shows confidence contours for the intensities of the narrow and 
broad Fe-K lines. Clearly, Chandra/ and RATE together deconvolve the narrow and broad 
Fe-K line components. The center energies of both lines indicate an origin in cool material, 
certainly ruling out emission from He-nke or H-like Fe. It is unlikely that the narrow Fe-K 
line is really part of a single, broad reim Rustic disk-line profile: we find that the disk 
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inclination angle is highly constrained (< 10°) and the radial emissivity of the disk must be 
very flat to increase the weighting from the outer > ris of the disk. A detailed discussion 
of these effects can be fount i in Yaqoob <•/, at. \ .dm found similar results for the 

Seyfert 1 galaxy NGC 5548. 


4. POSSIBLE EXPLANATIONS FOR THE LACK OF SPECTRAL 

CURVATURE 


Whilst light travel-time delays can be invoked 0= explain anomalies in the amplitude of 
the Coinpton-reflection continuum (CR) relative o> i lie direct X-ray continuum, the same 
cannot be done for anomalies between the relative si l engt hs of the CR and broad Fe-K line. 
This is because both the CR and broad Fe-K line are supposed to originate in the same 
physical location. In the remainder of this section ve discuss possible explanations of the 
lack of CR in the 2001 Chandra / RXTE observe i ions of Mkn 509. 

It is well known that an X-ray power-law > -a., mniini plus a CR is sometimes 
indistinguishable from a simple, but flatter power law. if the data quality is poor. This is 
certainly not the case with our data: even the !)!)'/( confidence, two-parameter statistical 
errors on T (1-67) are ±0.03. We also quantified limits on any spectral curvature in the 
data, by fitting a power-law continuum (plus two Ganssians) Inflow 10 ke\ only. We 
obtained T^-io keV = 1-67 1 + [J 'J|[-. This is to be compared with 1 19 koV = 1 -C7 4lto.oof) fr° m 

§3 (and Table 1). Note that 1 keV refers to the lowest energy Chandra data used: PCA 
data below 3 keV were not used. Thus, the limits on spectral curvature are very tight, and 
the excellent consistency of the two photon indices also gives us confidence that the PCA 
background was not over-subtracted (which could reduce the apparent CR). 

It is also possible thal the intrinsic continuum mis a high-energy cutoff in the observed 
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energy band, but the CR compensates, giving an observed continuum which has little 
curvature. For the power law, double «' iaussian and CR spectral fit (§3), we modified the 
intrinsic continuum by an exponential rollover of the form exp ( — E/Eq), and obtained 
E 0 = 112±gg 8 keV. The CR is calculated from the modified continuum in this case. 
Confidence contours of R versus E {) are shown in Fig. 2 . The best fit still prefers no CR but, 
as expected, the upper limit on R is high*' ( R = O.OOtf] 99% confidence, two-parameters). 
However, it is highly unlikely for an exponential cutoff to (exactly compensate for the 
spectral curvature due to the CR. especially given the tight limits set by the consistency of 

r 2 -10 keV tind r 2 _i 9 k e v. 

Increasing the Fe abundance is another way of reducing the spectral curvature 
due to Compton reflection. However, direct spectral fitting to the data, with free Fe 
abundance in PEXRAV, showed that t he 99% confidence, two-parameter lower limit on the 
Fe over-abundance is 95 compared in solar. This is clearly absurd (we would see other 
consequences of such an over-abundance). Ionization also decrease's the relative importance 
of photoelectric absorption relative' to ( buipton downscattering, reducing the strength of 
the ~ 10 — 30 keV Compton hump and t herefore reducing the apparent value of R. However, 
the degree of ionization required by the data is very high and the peak energy of the broad 
line rules it out. Smearing, either due ! - extreme relativistic effects or Comptonization, 
could reduce the apparent amplitude <>* rhe CR. However, any type of smearing cannot be 
more than that suffered by the broad re K line. Direct spectral fitting to the data with 
a smeared CR model (refsch in XSPFCl assuming the maximum allowed smearing for a 
disk around a Schwarzschild black hole again gave R = 0 and a 99%, two-parameter upper 
limit of 0.11. 


i 
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5. PREVIOUS OBSERVATIONS OF Mkn 509 

ASCA observations found evidence for variabdi'v m the overall Fe-K line profile in 
Mkn 509 but could not separate the broad and a ■ a. coni])onents (Weaver et al. 2001). 
An X MM- Newton observation in 2000 April (Poin .. . <7 al. 2001) found the source to be 
in a low state with a 2-10 keV flux of ~ 10" J1 ergs cm" 2 s" 1 (~ 5 times lower than in 
our observations). A narrow Fe-K line; was found at - 6.4 keV. with an intensity entirely 
consistent with that measured during our Chandra / RX TE observation. On the other hand 
the broad line was lower in intensity by about the- s.ui.c factor as the continuum and was 
centered at ~ 6.9 keV, indicative of an origin in I like Fe. 

We also checked archival R.XTE data for Mkn »09 from 1996 and found R = 0.36 ±0.05 
(for a 30° disk inclination angle), and a photon index of V = 1.89ij};“2. For the Fe ' K emission 
line we measured a center energy, width, intensity, and EW of E c = 6.53 ± 0.05 ke\ , 
a = 0.30lg;?o keV (or FW1IM = 32. 390*, l $jS° km/: t / 5.20±0.06x 10“ 5 photons cm" 2 s" 1 , 

and EW — 83 ± 8 eV respectively. Note that some die total Fe-K line may contain a 
contribution from the narrow line found by Chain, i and X MM hut RXTE alone cannot 
deconvolve the broad and narrow components. I his .analysis shows that the CR in Mkn 509 
is variable, and significant spectral curvature was present, in the 1996 RXTE observation, 
despite the 2-10 keV flux (5.8 x 10"' 1 ergs cm J s ' ) being similar to that in the 2001 
Chandra / RXTE observation. 


6. DISCUSSION 


These results for Mkn 509 are quite profound. The Coinpton-reflection continuum 
(CR) was absent during Chandra / RXTE observations in 2001. yet there was substantial 
broad (FWHM 57, GOO^umh! km/s) Fe-K line emr )• :: from cool Fe. The center energy of a 
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narrow, unresolved Fe-K line (FWHM 1.940 km/s) also indicated that it too originated 
in cool matter. If the broad Fe-K line originated in Thomson-thick matter, where was the 
CR that must, from bask: physics, accompany the line? We are forced to conclude that the 
broad Fe-K line originated in cool, Thomson-thin matter. If an accretion disk existed in 
the system during our observations, and if the disk was irradiated by an X-ray continuum 
corresponding, at least, in spectral shape. m the one we measured, then either most of the 
disk must have been Thomson-thin, or tiic disk was Thomson-thick but so heavily ionized 
that all Fe (and lighter) atoms were completely stripped. In the latter scenario the CR has 
no curvature from photoelectric absorption and any deviations in the CR compared to the 
intrinsic continuum are negligible in out energy band (2 19 keV). The fact that Pounds 
et al. (2001) observed a broad, H-like Fe-K line component in Mkn 509 lends support 
to a high (and by implication, variable) state of ionization of the putative accretion disk. 
Indeed, when we fitted the 2001 Clm.-mlrr / R.XTE data with an ionized disk model in which 
the CR is determined completely by physics and cannot be artificially reduced (xion in 
XSPEC; see Nayakshin Kallman 2001 ; we found a large region in parameter space which 
yielded negligible Fe-K line emission and continuum curvature. We were able to obtain fits 
to the data with a completely ionized dwk plus two Gaussians for the Fe-K lines which 
were as good as the fits in which the couiinuum was only a simple power law. If the disk 
is completely ionized it cannot of course produce any Fe-K line ('mission and the observed 
broad Fe-K emission lint* must then be made elsewhere, but still in cool Thomson-thin 
matter , so as again not to over-prod in <■ spectral curvature due to Compton reflection. 
This applies to both the broad and narrate Fe-K lines. In particular, if the obscuring torus 
hypothesized to unify type 1 and typo 2 AGN exists in Mkn 509 it must be Thomson-thin, 
or else so ionized that Fe is full}' stripped. In the latter case, the narrow Fe-K line must 
be produced elsewhere, such as the BLR (which must itself be Thomson-thin, if it has a 
substantial covering factor). 


i 
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For neutral matter with column density (m units of 10 2i cm” 2 ), a covering factor 
f C} an Fe abundance relative to solar of illuminated isotropically by a power-law 
continuum (with photon index F), the predicted cquimlent width of the Fe-K line in the 
Thomson-thin limit is EYY ~ i)7/ c ATvdF 0 eV (e.g. ^ nqnob ri ai 2001). Here we have used 
the measured value of T (see Table 1). A spherical geometry for the line emitter requires a 
gas distribution that does not intercept the liiie-oMight . This is because absorption column 
densities which are large enough to account for the fe-K line emission would extinguish the 
soft X-ray spectrum too much and imprint an Fe-K edge at 7.11 keV, in conflict with the 
data. We obtained a direct constraint on the line id sight column density of a neutral, solar 
abundance absorber of Av> < 0.033 (from joint Cl. uuulra / R.XTE spectral fitting with the 
power-law and double Gaussian model, with the addition of an Fe-K edge at 7.11 keV). 
Similar constraints are obtained from the soft X-ray spectrum (see Mckernan et ai 2002). 

In a planar geometry, a Thomson-thin matter distribution illuminated isotropically 
on both sides by an X-ray source (either a disk with a central X-ray source close to the 
disk plane, or a coronal source distributed over me disiO- has j r ~ 1. However, we must 
halve the predicted EW because the continuum iron; tin' other side of the disk would also 
penetrate the Thomson-thin disk. For a Thomson-thick, completely ionized disk, a possible 
location for the Thomson-thin, line-producing material is a cool atmosphere over the disk. 
In that case, f c ~ 0.5. Thus, in any of the above scenarios, the observed EYV of the broad 
Fe-K line can be accounted for with solar abundances and A^;* ~ 2.5 This corresponds to a 
Thomson depth of 0.2, small enough that the ampin ude of the reflected X-ray continuum 
is negligible compared to the direct continuum, and therefore giving negligible spectral 
curvature to the observed continuum. 

Obviously, all of the above scenarios represent a departure from widely-accepted ideas, 
and each also faces various challenges. Our results should prompt theoretical investigations, 
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(in particular of time-averaged and time- variable vertical structure of accretion disks), to see 
if they can be understood in detail. Historical observations of Mkn 509 showing significant 
variability (for example, the RXTE defection of the CR in 1996, and the XMM- Newton 
measurement of a broad H-like Fe-K line by Pounds ct al. 2001), should provide critical 
constraints on models. 


7. CONCLUSIONS 

A simultaneous Chandra HETGS and RXTE observation of the Seyfert 1 galaxy 
Mkn 509 deconvolved the narrow (FWIIM < 4,940 km/s) and broad (FWHM 57, GOO^pooo 
km/ s) Fe-K emission lines (both centered around ~ 6.4 keV), and found no deviation in 
the continuum from a power law out to 19 keV. The lack of spectral curvature due to a 
Compton-reflection continuum (CR) then fails to account for the broad Fe-K line in terms 
of standard, Thomson-thick accretion-disk models. Such a failure of the standard model for 
a single source implies that our under, si anding of the Fe-K line and CR in accreting X-ray 
sources in general needs to be re-examir-'d. An inescapable conclusion is that, both the 
broad and narrow Fe-K lines must conic from cool. Thomson-thin matter, at least during 
the 2001 Chandra / RXTE observations. 

There are other implications which follow from our results. One is that the lack of 
correlation between the broad Fe-K line and the CR in some AON, which appeared to be 
troublesome in the context of standard disk models (e.g. Chiang et al. 2000; Ballantyne, 
Ross, &: Fabian 2001), should not now be surprising since some of the broad Fe-K line may 
come from Thomson-thin matter. Another implication is that models accounting for the 
claimed anti-correlation between the effective covering factor of the CR and the power-law 
index of the intrinsic X-ray continuum -(e.g. Zdziarski ct al. 1999) must also be able to 
account for spectra which show ncglighw spectral curvature. A further corollary of our 
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findings is that the practice of performing spectral fits to data with the strength of the Fe-K 
line and CR tied together on the basis of the standard model is not justified and may lead 
to erroneous conclusions. 

The authors gratefully acknowledge support limn NASA grants NCC-5447 (T.Y., 
U.P.), NAG5-10769 (T.Y.). NAG5-7385 (T.J.TT N \Gf>-4103 (S.B.K.). and CXO grant 
GO1-2101X (T.Y., B.M.). This research math' ir i the IIEASARC online data archive 
services, supported by NASA/GSFC. The authors are grateful to the Chandra and RXTE 
instrument and operations teams for making these observations possible and thank Kim 
Weaver, Julian Krolik, and Rick Edelson for useful oisnrssions. 
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Table 1. HEG, MEG, PGA Imm Spectral Fitting Results for Mkn 509 


Parameter 

Value 

X 2 (degrees of freedom ) 

330.8 (355) 

Photon Index (T) 

1 74+0.008 
1 .U / -±_o,00!) 

2-10 keV flux 

5.1 x 10“ 11 ergs tin 2 s -1 

Broad Fe-K Line: 


Center Energy 

C>.36±8:fa keV 

Width (a, FWHM) 

0.52io }‘( keV, 57,60(U^;^o km/s 

Intensity 

7.6l};l xl0~ s photons cm" 2 s -1 

Equivalent Width (EW) 

119± Jg eV 

Narrow Fe-K Line: 

(a fixed at 1 eY) 

Center Energy 

6-42±8;"[ keV 

Intensity 

3.5lJ(:x X10-’ j)hotons cm 2 s _1 

Equivalent Width (EW ) 

571 eV 

Velocity FWHM Upper Limit 

4,940 km/s 


Note. — Results of fitting the 2.0 -6.9 keV Chandra HEG, MEG, 
and 3-19 keY RXTE RCA Mkn 509 data with a simple power 
law and two Gaussians (tF' latter modeling the complex Fe-K line 
emission). All line parameter values are referred to the rest frame 
of Mkn 509 (.: = 0.03439V). Statistical errors are 90% confidence 
for one interesting para me ■ ( A \ 2 = 2.706). The 2 10 keV flux is 
from average HEG and M ! \ • normalization, observed frame. 
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Figure Captious 


Figure 1 

The ratio of Chandra HEG and RXTE PCA (lai n lo a [jower law fitted in the 2-5 keV 
band (HEG) and in the 5 4, 8-19 keV bands (P( -A) for Mkri 509 (z = 0.034397). The 
HEG bin width is 0.02 A. The energy scale corresponds to the observed frame. The HEG 
shows a sharp, unresolved, narrow Fe-K liiK 1 at * ! A . sourer' frame. The PCA data 

show a broad, resolved, composite Fe-K line prolix 'wfending ov('r a few keV . The spectral 
curvature in the continuum, characteristic, of CompiuM reflection in neutral, Thomson-thick 
matter, is absent. The observed continuum is consistent with a single power law. 

Figure 2 

Confidence contours from a joint HEG, MEG and PC. a spectral fit with a power law, 
narrow and broad Gaussian Fe-K emission lines, ,mw a Cumpton-reflection continuum (see 
text), showing the effective covering factor ol tin laUrr. /?, versus the broad Fe-K line 
Gaussian width. R is a fraction of 2 tt steradians solid angle subtended by the reflector at 
the X-ray source. Tin' 68%, 90% and 99% confidence contours show that RXTE resolves the 
broad line and that no Compton reflection is detected, with a very small upper limit on the 
covering factor, R. If the power-law continuum is m ulified by an exponential high-energy 
roll-over of the form exp ( — E/Ed). the upper limn m R is larger (68%, 90%, and 99% 
confidence contours of R, versus Eq are shown in t i.c i ci ). However, it is highly unlikely for 
the amount of rollover to exactly compensate for die curvature due to Compton reflection, 
giving a negligible change in power-law slope with energy (T^-lo keV — 1.6741 o;oi5j an< ^ 
T 2 -vj kov = 1.674ioooy). All quantities shown in this figure refer to the source frame. 
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Figure 3 

Best-fitting power-law (I' = 1.6741” \\\\,. . md dual Gaussian model, simultaneously using 
HEG (crosses), MEG (open circles), and dCA data (solid) for Mkn 509. The bottom panel 
shows the ratio of data to the best-tirung model. In the source frame, the best-fitting 
narrow Fe-K line parameters are E, — 0.42 ± 0.01 keV, EW = 57 ± 13 eV (width, a , 
fixed at 1 eV) and the best-fitting broad Fe-K line parameters are E c - 6.36^ou2 keV, 
EW = 119 ± 18 eV, a = 0.52To’ I'j keV (FWHM 57, SOO^i’ooo km/s). The inset shows the 
68%, 90%, and 99% confidence contours of the intensities of the narrow and broad Fe-K 
lines (in units of photons cm -2 s~ 1 ). which are deconvolved (see text). The HEG and MEG 
bin widths are 0.04/1 and 0.08/1 respect ivelv (although half these values were used for 
spectral fitting). The energy scale corresponds to the observed frame. 
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